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[57] ABSTRACI‘ 
An improved apparatus for very rapidly providing a 
supply of smoke suppressant to a ?are stack, upon the 
incidence of ?ow, up to 10% of maximum rate of ?ow, 
of waste gases, which is provided in addition to the 
conventional apparatus for controlling the ?ow of 
smoke suppressant, such as steam, to the ?are stack, 
upon the initiation of large volumes of waste gas ?ow 
ing to the ?are stack. This improved apparatus com 
prises a ?ow detector in the conduit carrying the waste 
gases to the ?are stack, which is sensitive to ?ows up to 
10% of maximum. The outputs of the ?ow detector, in 
the form of high and low pressure tubes, are connected 
to a pressure differential switch, which connects power 
to an appropriate solenoid valve, which controls a lim 
ited ?ow of smoke suppressant, such as steam, to the 
?are stack. Each of the parts namely the ?ow detector, 
pressure switch, and solenoid valve are very rapid 
acting, so that as soon as the ?ow of waste gases reaches 
a selected level, the ?ow of suppressant is started, and 
combustion at the top of the ?are stack will be smoke 
less from the ?rst ?ow of gas. 

8 Claims, 5 Drawing Figures 
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ACCELERATED RESPONSE FOR DELIVERY OF 
SMOKE SUPPRESSANT TO FLARES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention lies in the ?eld of smokeless combus 

tion of waste gases in ?are stacks. 
More particularly it concerns apparatus for the rapid 

control of the ?ow of smoke suppressant to the stack 
upon the initiation of a rapid ?ow of waste gas to the 
stack. 

2. Description of the Prior Art 
In the prior art of ?are burning of emergency re 

leased combustible gases to ?ares, it is a common proce 
dure to supply and inject steam to the ?are ?ame, for 
suppression of smoke. 

It will be obvious from the study of the prior art, that 
both ?ared gases and steam, as a suppressant, must be 
delivered to the ?are simultaneously, for gas burning 
and steam delivery to chemically accomplish the sup 
pression of smoke, in the combustion of the gases. In 
order to accomplish the simultaneous gas and steam 
delivery to the ?are on a controlled basis, there have 
been systems devised wherein detector means of vari 
ous sorts, initiate a pneumatic control ?uid to a con 
trolled valve, so that the valve can be opened to initiate 
?ow of steam, etc. 
These systems have been widely used but have exhib 

ited the undersirable characteristic of delayed steam 
delivery, and consequent considerable smoke produc 
tion, when sudden bursts of gas ?ow, equal to a substan 
tial portion of ?are ultimate capacity, arrive at the ?are 
discharge point. This sudden ?ow of gas is ignited and 
burned before steam, as a smoke suppressant, can be 
delivered to the ?are. The delay in steam delivery is due 
to either the basic principle of operation, or to the slow 
response of the control system, which is characteristic 
of pneumatic control, generally, or to both, as the case 
may be. It is therefore important to ?nd some way to 
quickly detect the onset of gas ?ow to the ?are, and 
equally quickly to initiate the ?ow of steam, neither of 
which is provided by the prior art equipment. 

SUMMARY OF THE INVENTION 

It is a primary object of this invention to provide a 
sensor means and a steam ?ow control means which are 
very rapid-acting, so that at least a limited ?ow of 
smoke suppressant can be provided to the ?are mouth 
substantially at the same time, that the ?ow of ?are gas 
reached a substantial portion of its maximum ?ow. 

It i'Q-a further object of this invention to provide, in 
addition to the conventional slow-acting ?ow control 
means for supplying suppressant to the Hare stack, a 
fast‘acting control means that will provide a selected 
fraction of the total ?ow of steam that may be required, 
in a very rapid-acting manner, for a selected time inter 
val, in order to provide a rapid ?ow of suppressant at 
the initiation of gas ?ow, and until the conventional 
slow acting controls can complete the maximum ?ow of 
suppressant that may be required. 
These and other objects are realized and the limita 

tions of the prior art are overcome in this invention by 
providing a rapid-acting sensor of gas ?ow to the ?are. 
This comprises, as an example, a doubled-ended system 
with an upstream ori?ce and a downstream ori?ce, in a 
cylindrical structure, back to back, with appropriate 
small diameter pressure lines, one from the upstream 
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2 
ori?ce carrying a high pressure, and the other from the 
downstream ori?ce carrying a reduced pressure. These 
pipes lead out of the conduit through which the gas 
?ows to the ?are stack, and go to a pressure switch, 
which includes a diaphragm, one side of which is con 
nected to the high pressure tube, and the other side to 
the low pressure tube. De?ection of the diaphragm 
operates to close a switch, which operates a solenoid 
valve, and causes the immediate ?ow of steam, as a 
smoke suppressant, to the mouth of the ?are stack. 
The present invention provides apparatus for acceler 

ation of the delivery of steam, or other smoke suppres 
sant, to the ?are, for smoke suppression, when there is a 
signi?cant and sudden burst of gases for ?ame burning. 
A signi?cant value can be considered as about 10% of 
the ultimate ?are capacity for gaseous discharge and 
burning, or more. In less sudden delivery of gases to the 
?are for burning, the conventional controls, as above, 
are adequate for smoke suppression. 

In one type of “control system, a photoelectric scan 
ning means is sighted onto the top of the ?are stack, and 
provides an electrical response when the ?ame appears 
at the mouth of the stack, due to a sudden onset of gas 
?ow. 

In other systems, the ?ow meter, or pressure sensor 
or other means in the concuit carrying the ?are gas, 
creates a signal, transmitted by pneumatic means to a 
controlled valve in the steam line. 

This invention can be applied to any of the existing 
types of slow acting systems. As an auxiliary rapid 
acting system, for the provision of a limited supply of 
steam for the short time, measured in seconds, that it 
takes the conventional system to fully open the steam 
line. 
Even though the delay of a conventional system may 

be of the order of ?ve to ten seconds, which is in itself 
a fairly short time interval, there may be such a large 
volume of gas suddenly released that a large volume of 
smoke would be produced before the steam could effec 
tively be injected into the ?ame to provide smokeless 
combustion, and the pollution resulting would be very 
undesirable. 

In the present system the use of a device which is 
capable of sensing ?ow-induced pressure states both 
upstream of and downstream of a ?ow obstruction for 
waste gases in combination with a differential-pressure 
switch, a rapid-acting valve for a limited quantity of 
steam, and including also a time delay device that will 
open the circuit on the quick-acting steam valve at some 
selected time after the main stream valve has been 
opened by the conventional prior art system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of this inven 
tion and a better understanding of the principles and 
details of the invention will be evident from the follow 
ing description taken in conjunction with the appended 
drawings in which; 
FIG. 1 illustrates one embodiment of the present 

invention in use as an auxilliary, rapid-acting means for 
providing, for a short period, a relatively small quantity 
of steam to the ?are stack, as rapidly as possible after 
the initiation of the gas ?ow. 
FIGS. 2, 3 and 4 show three views and details of the 

gas ?ow-induced differential pressure sensor that pro 
vides the pressure signal to initiate steam ?ow to the 
?are stack. 
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FIG. 5 illustrates a second embodiment of the present 
invention, in conjunction with the conventional type of 
photoelectric control for the ?ow of steam to the ?are 
stack. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and in particular to 
FIG. 1 there is indicated generally, by the numeral 10, 
a conventional type of steam control system, for the 
control of steam ?ow, as a smoke suppressant, to the top 
of the ?are stack upon initiation of ?ow of waste gases 
to the ?are stack. Indicated generally by the numeral 
12, is an apparatus of this invention, which is attached to 
the same ?ow line for the waste gases, which initiates a 
more rapid signal, and provides a more rapid valve 
operation, for initiating steam ?ow to the ?are stack. 
A ?are stack 14 of conventional design is provided 

with a steam injection apparatus 18 (as is well known in 
the art) at the top of the ?are stack, to inject steam in a 
conventional manner into the ?ame 16. The steam is 
provided via line 40 whenever waste gases, indicated by 
the numeral 24, ?ow into a conduit or ?ow line 22, 
through a conventional control apparatus 26, and 
through a junction 28 with the ?are stack 14, according 
to arrows 21, to the top of the stack. 
The box 26, which is in series when the ?ow line 22 

indicates any of the prior art systems, that provide a 
control signal, such as an electrical voltage or a pneu 
matic pressure, in a line 29, to a control means 30, which 
valves a ?ow of pressurized pneumatic ?uid 32, to form 
a controlled pneumatic signal in line 34, to a control 36 
for a valve 38 in the steam line. The steam line 40 is 
provided with adequate steam pressure, and ?ow capac 
ity for all cases of gas ?ow to the ?are stack. This steam 
?ow goes by lines 40, 42 through the control valve 38 
and out through line 44 to the steam injection means 18 
at the top of the ?are stack. 

In the prior art the detecting means 26 may be of 
various types, all of which are conventionally relatively 
slow-acting, in providing a signal in line 29 to the pneu 
matic control 30. Furthermore, the pneumatic signal in 
line 34 operating the valve control 36 is also slow act 
ing, requiring a considerable ?ow of air to create suffi 
cient pressure to open the valve 38. 
The delay between the time of initiation of a large and 

sudden ?ow of gas 24, until the steam valve 38 is open 
to its full value, may be in the range of 5 to 10 seconds, 
or more. While this is a relatively small time for many 
situations, in the control of steam to the ?are stack when 
there is rapid ?ow of gas to the top of the stack, there 
can be an immense volume of smoke generated during 
those 5 to 10 seconds, before the steam ?ow can be 
initited and increased to such volume as to provide 
adequate smoke suppression. 

It is important therefore to provide an auxiliary sys 
tem of much greater speed of action, so that in the mat 
ter of a second or less a substantial, though limited, ?ow 
of steam can be initiated to the ?are, immediately as the 
?ow of gas 24 has reached a selected minimal ?ow 
velocity. 
The improved system indicated in FIG. 1 provides a 

differential pressure sensor 56 inside of the ?ow pipe 22 
which is responsive to the ?ow of gas 24. There are two 
small diameter pressure lines 59 and 60, one indicating 
the pressure in an upstream-facing ori?ce, and the other 
60 indicating the pressure in a downstream-facing ori 
?ce. These go to a differential pressure switch 62 which 
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4 
will be described in detail in FIGS. 2, 3 and 4. The 
pressure switch 62 is connected by lead 66 to a source of 
electrical voltage 66, 68 and by lead 65 to a time delay 
switch, which will open in a selected short time after 
the initiation of current ?ow in the line 65, due to the 
closing of the pressure switch 62. When the switch 62 
closes, current ?ows in line 65 and through the time 
delay 64, through lead 67 to a solenoid control 52 which 
controls the valve 48. The valve 48 is connected into a 
branch line 46 from the steam supply in line 40 and 
permits steam to ?ow through line 50 into the line 44 in 
parallel with valve 38, which goes to the steam injection 
means 18 at the top of the stack. The valve 48 and lines 
46 and 50 can be of limited capacity such as perhaps 
10% of the maximum of the steam ?ow as desired. 
Thus, as soon as a ?ow in conduit 22, of say 10% of 

the maximum ?are capacity, is initiated the valve 48 
will open immediately, and will discharge a selected 
volume of steam to the stack, suf?cient at least for that 
10% of the ?ow, or more. This ?ow of steam will con 
tinue until the main steam valve 38 is opened, after 
appreciable delay, by the ?ow of pneumatic ?uid 34, to 
the valve control 36. Once the main steam valve 38 
opens, the auxiliary ?ow through the valve 48 is no 
longer required, and therefore, at a selected time after 
the opening of the valve 38, the time delay means 64 
acts to open the circuit through leads 54 and 67, to 
release the solenoid valve and close off the ?ow of 
steam through lines 46 and 50. Thereafter so long as the 
gas 24 ?ows, the steam valve 38 remains open and the 
burning of the gas is under smokeless conditions. 
When the ?ow 24 stops the apparatus comprising the 

time delay 64 resets and is ready for the next initiation of 
gas ?ow to the ?are. 

Referring now to FIGS. 2, 3 and 4 there is shown the 
main gas ?ow line 22 with the gas ?ow indicated by 
arrow 24. In FIG. 3 is shown in cross-section a pressure 
sensor 70 which comprises a cylindrical metal rod 78 
with two openings 72 and 74 bored axially, one from 
each end, leaving a plug in the middle. There are two 
small diameter pressure tubes 75 and 76 which are in 
serted in drilled holes radially, one into each of the 
cavities 72 and 74. When this apparatus 70 is inserted 
through a pipe 23 and ?ange in the side of the ?ow line 
or conduit 22, and positioned preferably on the axis of 
the conduit 22, then the pressure in the cavity 72, which 
faces upstream, will be a pressure P1 which is equal to 
P A which is the ambient pressure in the ?owing gas in 
the vicinity of the device 70, plus an additional pressure 
P which is proportional to the velocity head, V2/2g. 
ThuSP1=PA+Py 

In the second cavity 74, which is facing downstream, 
the pressure of P2 will be equal to the ambient pressure 
P A — P V. By having a double headed differential pres 
sure sensing device, the difference in pressure between 
P, in line 75 and P2 in line 76 will be P1 - P2 = 2V2/2g, 
or twice the velocity head. 
The lines 75 and 76 go through the bulkhead 80 cov 

ering the ?ange on pipe 23, to a pressure switch, indi 
cated generally by the numeral 62. This is a cylindrical 
box having two halves, between which a ?exible dia 
phragm 81 is clamped, and providing thereby, two 
equal plena, one on each side, one connected to the high 
pressure line 75 and the other to the low pressure line 
76. When there is a gas ?ow in 22 of a selected fraction, 
of the design maximum ?ow, there will be sufficient 
pressure differential across the diaphragm, and there 
fore a suf?cient de?ection of the diaphragm, to close 
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the switch 82, which will close the circuit between the 
lines 65 and 66, and pass current from a source of volt 
age between lines 66 and 68, through a time delay cir 
cuit-opening device 64, and line 67 to a solenoid valve 

The solenoid valve is of limited size, and is very 
quick-acting, and will open the valve 48 rapidly, allow 
ing a ?ow of steam from line 46 through the valve 47 
and out through lines 50, 44 to the ?are stack. The 
solenoid valve and the pressure switch are conven 
tional, as is also the time delay circuit-opening means 
64, which serves to open and cut off the current to the 
solenoid valve at a selected time after the pressure 
switch 62 has operated. This time interval is long 
enough, so that the main stream valve 38 has been open 
and therefore an adequate supply of smoke suppressant 
is ?owing to the ?are. 

Referring now to FIG. 5 there is a second embodi 
ment which utilizes another type of prior art signal 
generating means for controlling the ?ow of steam, 
when there is gas burning at the top of the ?are stack. 
The signal is generally provided by a photoelectric 
scanner 90 which has a selected solid angle 94 of win 
dow for looking at the ?ame 16 at the top of the stack 
14. 
When gas ?ow is initiated, there will be sudden and 

rapid as well as smoky burning because no smoke sup 
pressant is being delivered. Thus there will be a ?ame, 
which will be seen by sensor 90, and it will transmit a 
suitable signal voltage by line 88 to a conventional con 
trol means for controlling the ?ow of pressurized pneu 
matic ?uid in line 32 to a pneumatic control line 34, to 
the valve control means 36, which will open the steam 
valve 38 and permit steam to ?ow from line 40 through 
the valve 38, to the line 44 which supplies the steam 
injection apparatus 18 at the top of the stack, after 
smoke production to an offensive degree has occurred. 

In FIG. 5, there is also shown the specialized appara 
tus 12 of this invention such as has been described in 
connection with FIG. 1. This includes a ?ow of gas 24 
across sensor 56 which creates a differential pressure on 
lines 75, 76, which control the pressure switch 62 and 
by lines 65, 68 provide an electrical signal to the pneu 
matic control means, which provides an appropriate 
pneumatic signal over line 34 to pneumatically con 
trolled steam valve 38, as does the sensor 90, but mea 
surably before a ?ame 16, which causes 90 to operate, 
exists at the area of 16. 

This combination of parallel controls from the con 

6 
main valve 28 is open) and permit the valve 48 to close 
since its ?ow is no longer required. 
The contacts in the time delay means 64 then remain 

open until the switch 62 opens. That is, when the ?ow 
5 24 stops, the time delay means 64 then resets, closing its 

contacts. The system is then ready for the next onset of 
?ow 24. 
Many types of time delay switches or relays 64 are 

available on the market, and no further detail is neces 
10 sary. 

While the invention has been described with a certain 
degree of particularity, it is manifest that many changes 
may be made in the details of construction and the ar 
rangement of components without departing from the 
spirit and scope of this disclosure. It is understood that 
the invention is not limited to the embodiments set forth 
herein for purposes of exempli?cation, but is to be lim 
ited only by the scope of the attached claim or claims, 
including the full range of equivalency to which each 
element thereof is entitled. 
What is claimed is: > 
1. In a ?are system for the smokeless burning in th 

atmosphere, of suddenly released ?ows of waste gases, 
said system including; 

(a) conventional first ?ow sensing means in the con 
duit supplying said waste gases to said stack; 

(b) pneumatic ?uid control means responsive to said 
?ow sensing means; 

(0) pneumatically controlled ?rst valve means in a 
steam line for controlling the flow of steam as a 
smoke suppressant to the ?ame at the top of the 
?are stack; said pneumatically controlled ?rst 
valve means responsive to said pneumatic ?uid 
control means; 

the improvement comprising; 
((1) rapid-acting second ?ow sensing means in said 

conduit supplying said waste gases; 
(e) ?rst and second pressure lines from said second 
?ow sensing means connected to a fast-acting elec 
trical pressure switch; 

(i) said pressure switch controlling a solenoid oper 
ated second valve connected into said steam line in 
parallel with said ?rst valve to supply steam to said 
?are stack, and 

(g) time delay means for opening the electrical circuit 
to said solenoid operated valve after it has been 
operated for a selected time interval. 

2. The system as in claim 1 in which said second ?ow 
sensing means is sensitive to a ?ow of 10% or less of 

ventional photoelectric one 90 and the ?ow sensor 56 of 50 rated ?ow to said stack. 
FIGS. 2, 3 and 4, can control the same main steam valve 
38. However, because of the inherent delay in operation 
of the valve once the pneumatic control signal in 34 has 
been initiated, there still may be too much of a delay in 
getting steam to the top of the ?are. Therefore the 
system shown in FIG. 1 is preferred, where the rapid 
control means of this invention, in cooperation with a 
separate high-speed valve 48, rather than the conven 
tional slow-acting pneumatic valve 38. The control 
system 12 of this invention can be utilized with any type 
of prior art device and will serve to provide faster oper 
ation of the initiation of steam to the ?are stack upon the 
initiation of a very rapid ?ow waste gases. 
The time delay means 64 has contacts which are 

normally closed, so that as the switch 62 closes, power 
is immediately applied to the solenoid valve 52, 48. 
After the current flows for a selected time, the contacts 
in the delay means 64 open (which would be after the 

3. The system as in claim 1 in which said second ?ow 
sensing means is sensitive to a flow of at least 1% of 
rated ?ow to said stack. 

4. The system as in claim 1 in which said second valve 
has a ?ow capacity of at least 10% of the ?ow capacity 
of said ?rst valve. 

5. The system as in claim 1 in which said time delay 
means operates after an interval which is at least 5 sec 
onds longer than the time to full opening of said ?rst 

60 valve. 
6. The system as in claim 1 in which said second ?ow 

sensing means comprises means in said ?ow conduit to 
measure the velocity head due to the flow of gases in 
said ?ow conduit. 

7. The system as in claim 6 in which said means in said 
?ow conduit comprises; 

(a) axial cylindrical member; 
(b) an upstream-facing ?rst cavity; 



4,094,632 
7 8 

(c) a downstreamfacing second cavity, (b) control means responsive to the output signal of 
' ’ said scanner for controlling the opening of a steam 

((1) said ?rst and second pressure lines connected valve; 
(0) said steam valve controlling the ?ow of steam to 

_ _ the ?ame at the top of said ?are stack; 
8. In a ?are stack system for the smokeless burning in the improvement comprising; 

the atmosphere of suddenly released ?ows of waste (“1) ‘1 rapid'acting ?ow sensor means inserted into the 
conduit through which said waste gases ?ow to 

gases, said system including; said ?are stack' and 
(a) photoelectric scanning means, for determining 10 (e) means to make said control means responsive to 

. . both said photoelectric scanning means and said 
when said waste gases are ?owing, by the presence rapid_acting ?ow sensor means_ 
of ?ame at the top of the ?are stack; i t * w m 

respectively to said ?rst and second cavities. 
III 
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